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CROSS REFERENCE TO RELATED APPLICATION 
This application is based on and incorporates herein 
5 by reference Japanese Patent application No. 2001-22103 filed 
on January 30, 2001 and Japanese Patent Application No. 2001- 
354598 filed on November 20, 2001. 

BACKGROUND OF THE INVENTION 
10 1. Field of the Invention: 

The present invention relates to a method for 
vibrating, melting and bonding a plurality of resin parts in 
which the contact surfaces of resin parts are vibrated, to 
cause melting and subsequent bonding of the parts. 
15 2. Description of the Related Art: 

In the background arts, there is a low cost vibrating, 
melting and bonding method as a method for bonding resin parts 
to each other. This method is performed as follows. First, 
while a plurality of resin parts are pressed onto each other, 
20 they are made to abut against each other and their contact 
surfaces are vibrated to melt the resin at the contact surfaces 
by the use of frictional heat generated by the vibration. Then, 
when the resin at the contact surfaces is melted, the vibration 
is stopped and the resin at the contact surfaces is cooled and 
25 solidified, thereby bonding the resin parts. 

However, according to the conventional technique 
described above, when variations occur in the state of heating 

1 



of the contact surfaces during the vibrating operation because 
of variations in the pressing force, the state or degree of 
melting of the resin at the contact surfaces varies . when the 
degree or state of melting of the resin at the contact surfaces 
5 varies, there is a problem that when the resin is cooled and 
solidified, a stable bonding state can not be obtained. 

SUMMARY OF THE INVENTION 
The present invention has been made in view of the 
T problem of the conventional technology. It is an object of at 
|ilO least one embodiment of the present invention to provide a 
<p method for vibrating, melting and bonding resin parts capable 

0 of producing a bonded part in which the resin parts are stably 

!=& 

*2 bonded to each other. 

Jv In order to achieve the object described above, an 

15 aspect according to one embodiment of the invention is 
characterized, in Figure 1, in that in a method for vibrating, 
melting and bonding at least two resin parts (7, 8) by making 
the at least two resin parts (7, 8) abut against each other and 
vibrating their contact surfaces (71 and 82 of Figure 2) while 
20 applying a pressing force to them, the pressing force is 
sharply increased to a predetermined value Pi and then is 
gradually increased. 

According to an embodiment of the invention, after a 
heating operation is started, the pressing force is increased 
25 sharply to the predetermined value PI to facilitate heat 
generation. However, if the same pressing force is applied 
continuously to the contact surfaces (71, 82) of the resin 



parts (7, 8) after they are heated, the resin material at the 
. contact surfaces (71, 82) is excessively heated and becomes 
degraded. For this reason, according to an embodiment of the 
present invention, after the pressing force reaches the 
5 predetermined value PI, the pressing force is gradually 
increased to push out the heated resin material from the 
contact surfaces (71, 82). This exposes a new surface of the 
f resin material which is not heated so much and thus prevents 
r the resin material at the contact surfaces (71, 82) from being 
V 10 excessively heated. 

In this connection, since the contact surfaces (71, 
g 82) of the resin parts (7, 8) are not completely flat, 
variations occur in heating the contact surfaces (71, 82) of 
the resin parts (7, 8). In order to obtain consistent melting 
15 and bonding throughout the contact surfaces (71, 82), it is 
necessary to apply heat as uniformly as possible throughout the 
contact surfaces (71, 82). Therefore, it is necessary to melt 
the resin material at the contact surfaces (71, 82) in a 
uniform manner to achieve consistency in heating the contact 
20 surfaces (71, 82). In this case, even if variations occur in 
heating the contact surfaces (71, 82) of the resin parts (7, 8), 
it is possible to prevent parts of the resin material from 
being excessively heated. 

In this manner, by preventing the resin material at 
25 the contact surfaces (71, 82) of the resin parts (7, 8) from 
being excessively heated, it is possible to solidify the resin 
material which does not deteriorate and is nearly uniform in 
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the state of melting throughout the contact surfaces (71, 82) 
to produce a well-bonded part. Additionally, the pressing 
force is continuously and gradually increased until the 
vibrating of the contact surfaces is finished. This makes it 
5 possible to prevent the resin material from being excessively 
heated by the heat generated by the vibrating operation. 

In another aspect, the pressing force is continuously 
gradually increased from the predetermined value Pi in a range 
7 not exceeding a predetermined upper limit pressing force P2. 
U: 10 If the pressing force exceeds the predetermined upper limit 
45 pressing force P2, the resin material is removed from the 
C contact surfaces before the resin material is sufficiently 
heated and thus there is the possibility that acceptable 
bonding can not be achieved. For this reason, it is effective 
15 to increase the pressing force gradually in the range so as not 
to exceed the predetermined upper limit pressing force P2 . 
Alternatively, the pressing force may be continuously gradually 
increased by a combination of a period in which the pressing 
force is held at a constant value and a period in which the 
20 pressing force is increased. In order to increase the pressing 
force gradually, of course, the pressing force may be increased 
continuously (linearly), and an increasing gradient of the 
pressing force may be increased gradually as a whole by 
combining the period in which the pressing force is held at a 
25 constant value with the period in which the pressing force is 
increased. 

With respect to vibration, after the vibrating of the 



contact surfaces is started, a moving speed of the contact 
surfaces (71, 82) may be sharply increased to a predetermined 
upper limit and the moving speed may thereafter be decreased 
gradually. According to an embodiment of the invention, after 
5 the vibrating operation is started, by sharply increasing the 
moving speed to the predetermined upper limit, heating is 
facilitated to melt the resin material at the contact surfaces 
(71, 82). By decreasing the moving speed gradually after the 
resin material at the contact surfaces (71, 82) of the resin 

10 parts (7, 8) is heated and melted, heat generation is decreased 
to prevent the resin material at the contact surfaces from 
being excessively heated, which may promote material 
degradation. Therefore, it is possible to solidify the resin 
material which is not yet degraded and in a state of melting 

15 to obtain a well-bonded part. 

Continuing with an embodiment of the preset invention, 
the position of one 8 of the two resin parts (7, 8) is measured 
as the amount of melting M of the resin parts (7, 8) at the 
contact surfaces (71, 82) with reference to the other resin 

20 part 7, is in progress. A determination is made whether the 
amount of melting M increases with the lapse of time or not; 
and on the basis of the determination result, a determination 
is made whether the melting and bonding of the resin parts (7, 
8) is acceptable. 

25 In the related art, when the amount of melting at the 

contact surfaces of the resin parts reaches a predetermined 
amount, the vibrating operation is stopped and the melting 



resin material at the contact surfaces is solidified to 
J complete the bonding of the contact surfaces. In the case 
where variations occur in the state of melting of the resin 
material at the contact surfaces because of variations in 
5 heating when the vibrating operation is carried out, the amount 
of melting hardly increases (or may only increase a little) 
until the resin material at the portion where heat generation 
q does not yet progress is sufficiently heated and melted. Then, 
m when the whole contact surface is melted, the amount of melting 
M 10 increases at a portion and reaches a predetermined amount, but 
=F the resin material at the portion where the heat generation 

M progresses from the start is excessively heated and becomes 

1 *f degraded . 

m For this reason, in an embodiment of the present 

15 invention, a determination is made whether the amount of 
melting M increases with the lapse of time, and in the case 
where the amount of melting M is increased with the lapse of 
time, it is possible to determine that the resin material being 
excessively heated and degraded is not at the contact surfaces. 
20 Therefore, it is possible to determine, on the basis of the 
result of determination on whether the amount of melting M 
increases with the elapse of time or not, whether the melting 
and bonding is good or not. In this manner, it is possible to 
obtain the bonded part in which the resin parts (7, 8) are well 
25 bonded . 

The result of the determination on whether the amount 
of melting M increases with the lapse of time or not can be 



obtained by determining whether or not the amount of melting M 
is within a range from an upper limit to a lower limit (U, J) 
both of which increase with the lapse of time, or by 
determining whether or not the target amount of melting is 
obtained within the predetermined time. 

Further, in another aspect, one resin part 7 of at 
least two resin parts (7, 8) has a projection 72 on its outer 
peripheral surface. The resin part 7 is pressed into the 
holding portion 6a of a vibrating jig 6 to fix the vibrating 
jig 6. The vibrating jig 6 is vibrated in this state to vibrate 
the contact surfaces (71, 82). 

in the related art, in a general method for vibrating, 
melting and bonding resin parts, a small clearance is made 
between a holding portion of the vibrating jig and the outer 
peripheral surface of the resin part mounted on the vibrating 
jig. This clearance causes a loss of energy in transmission 
while the vibrating operation is performed and a variation in 
clearance produces a variation in vibration energy transmitted 
to the contact surfaces of the resin parts. 

In an embodiment of the present invention, since the 
resin part 7 has the projection 72 on its outer peripheral 
surface and the resin part 7 is pressed into the holding 
portion 6a of a vibrating jig 6 to fix the vibrating jig 6, the 
vibration energy can be accurately transmitted. Therefore, the 
present invention hardly produces a variation in the vibration 
energy transmitted to the contact surface 71 of the resin part 
7 and can produce a bonded part in which the resin parts (7, 



8) are well-bonded. 

Further, one resin part 7 may be fixed to the 
vibrating jig 6 and another resin part 108 maybe fixed to a 
stationary jig 13, the vibrating jig 6 is vibrated to vibrate 
the contact surfaces (71, 82). The stationary jig 13 has 
receiving surfaces (114, 115) in accordance with the shape of 
the other resin part 108 and causes a uniform pressing force to 
be applied to the contact surfaces (71, 82) when the contact 
surfaces (71, 82) are vibrated. 

According to this embodiment of the invention, even 
if the resin part 108 fixed to the stationary jig 13 is formed 
in a complex shape, it is possible to make the pressing force 
applied to the contact surfaces (71, 82) uniform when the 
contact surfaces (71, 82) are vibrated. Therefore, there is 
hardly a variation in the state of heating of the resin 
material at the contact surfaces (71, 82). In this manner, it 
is possible to produce a well-bonded part with the resin parts 
(7, 108). Further, the receiving surfaces (114, 115) of the 
stationary jig 13 are provided with a movable part 115, and the 
movable part 115 can move according to the shape of the other 
resin part 108, and when the contact surfaces (71, 82) are 
vibrated, the movable part 115 can be fixed to cause a uniform 
pressing force against the contact surfaces (71, 82). 

Further, contact surface 82 is formed so as to make 
the rigidity of the resin part nearly uniform at each portion 
of the contact surface 82. If the resin parts of the contact 
surfaces are different in rigidity between respective portions 



thereof, the portion having lower rigidity is vibrated in 
* synchronization with the vibration, when they are vibrated, and 
thus does not generate heat as much as the portion having 
higher rigidity. In this manner, if the resin parts of the 
5 contact surfaces are different in rigidity between respective 
portions thereof, heat generation progresses in the portion 
having higher rigidity and results in non-uniform heating, 
ih Therefore, this results in varying the state of melting of the 
resin material at the contact surfaces and does not produce 

m 

h& 10 good bonding. 

W 

=p In an embodiment of the present invention, since the 

O contact surface 82 is formed such that the rigidity of the 

If! 

contact surface 82 of the resin part is nearly uniform, 
tj variations are unlikely to occur in heating the resin material 
15 of the contact surface 82. Therefore, it is possible to 

produce a bonded part in which the resin parts are well-bonded 

to each other. 

Further, when the contact surface 82 is formed in a 

polygonal shape, by making the thickness of the resin part of 
20 the corner 811 of the resin part thinner than that of the 

straight portion 812 of the resin part, the rigidity of the 

resin part can be made nearly uniform at each portion of the 

contact surface 82. 

In a state where one resin part 7 is fixed to the 
25 vibrating jig 6 and the other resin part 8 is fixed to the 

stationary jig 13, the vibrating jig 6 is vibrated to vibrate 

the contact surfaces (71, 82), and the other resin part 8 has a 



polygonal rib portion 81 whose top surface is the contact 
' surface 82, and the thickness Wl of the rib portion 81 at its 
corner portion 811 is made thinner than the thickness W2 of the 
rib portion 81 at a straight portion 812, thereby making the 
5 rigidity of the resin part nearly uniform at each portion of 
the contact surface 82. Still further, in another aspect, at 
least one resin part 2 08 has a step at the contact surface 282 
and that a portion 912 having a higher rigidity of the resin 

' Pi 

in part at the contact surface 282 is projected from a portion 911 

m 

n 10 having a lower rigidity of the resin part at the contact 
£ surface 282. 

O Accordingly, it is possible to make heat generation 

^ progress earlier at the portion 912 having lower rigidity of 

^ the resin parts of the contact surface 282. Therefore, it is 

15 possible to prevent uneven and inconsistent heating of the 
resin material at the contact surface 282 and thus to produce a 
bonded part in which the resin parts (7, 208) are well-bonded. 

Further areas of applicability of the present 
invention will become apparent from the detailed description 
20 provided hereinafter. It should be understood that the 
detailed description and specific examples, while indicating 
the preferred embodiment of the invention, are intended for 
purposes of illustration only and are not intended to limit the 
scope of the invention. 
25 BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will become more fully 
understood from the detailed description and the accompanying 



drawings , wherein : 

Fig. 1 is a schematic diagram of a vibrating melting 
and bonding machine of a first embodiment in accordance with 
the present invention; 
5 Fig. 2A is a perspective view of a resin part of the 

first embodiment in accordance with the present invention; 

Fig. 2B is a plan view of a resin part of the first 

|*& 

q embodiment in accordance with the present invention; 

C 

if! Fig. 3A is a cross-sectional view showing an engaging 

yl . 

M> 10 relationship between a vibrating jig and a cover of the first 

W 

+ : embodiment in accordance with the present invention; 



Fig. 3B is an enlarged view of a main portion of an 
engaging relationship between a vibrating jig and a cover of 



Q 

fy the first embodiment in accordance with the present invention; 

15 Fig. 4 is a flowchart showing a general control 

operation of a control unit of the first embodiment in 
accordance with the present invention; 

Fig. 5 is a graph showing a pressing force control 
pattern of the first embodiment in accordance with the present 
20 invention; 

Fig. 6 is a graph showing the relationship between 
the amount of melting and a range for determining whether the 
melting and bonding operation is well carried out or not of the 
first embodiment in accordance with the present invention; 
25 Fig. 7 is a schematic diagram of a resin part of a 

second embodiment in accordance with the present invention; 

Fig. 8A is a schematic diagram showing the engaging 
11 



relationship between a case and a stationary jig of the second 
embodiment in accordance with the present invention; 

Fig. 8B is a schematic diagram showing the engaging 
relationship between a case and a stationary jig of the second 
5 embodiment in accordance with the present invention; 

Fig. 9A is a perspective view of a schematic 
configuration of a resin part of the first embodiment in 

p accordance with the present invention; 

5 

111 Fig. 9B is a perspective view of a main portion of a 

m 

M= 10 resin part of the first embodiment in accordance with the 

yy 

f present invention; 

Fig. 10A is graph showing a control example of a 
moving speed during a vibrating operation of another embodiment 
of the present invention; 

Fig. 10B is graph showing a control example of a 
moving speed during a vibrating operation of another embodiment 
of the present invention; 

Fig. 11 is a graph showing a method for determining 
whether the state of melting and bonding is good or not of 
another embodiment of the present invention; 

Fig. 12 is a flowchart showing a general control 
operation of a control unit of another embodiment of the 
present invention; 

Fig. 13 is a cross-sectional view of a main portion 
showing the engaging relationship between a vibrating jig and a 
cover of another embodiment of the present invention; 

Fig. 14 is a graph showing a pressing force control 

12 
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pattern of another embodiment of the present invention; and 

Fig. 15 is a graph showing a pressing force control 
pattern of another embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
5 The preferred embodiments in accordance with the 

present invention will be described in the following. 
(First embodiment) 

Fig. 1 is a schematic configuration of a vibrating, 
melting and bonding machine 1 in accordance with an embodiment 
of the present invention. 

In Fig. 1, reference numeral 2 denotes a base, and a 
frame 3 extending in a longitudinal direction is mounted on the 
base 2. On the upper side portion of the frame 3, a vibrating 
body 5 for vibrating a vibrating jig 6 to be described below is 
supported via a support member 4 . In the vibrating body 5 , 
three driver coils (not shown) are disposed and when three 
phase alternating current is passed through these three coils, 
a resonating body (not shown) to which the vibrating jig 6 is 
fixed is moved along an arc in a horizontal plane. While the 
vibrating body 5 moving along the arc is adopted in the present 
embodiment, a vibrating body reciprocating in one axial 
direction in the horizontal plane may be employed. 

On the lower side portion of the frame 3, a table 12 
to which a stationary jig 13, to be described below, is fixed 
is supported via a slide unit 11 in such a way that it can 
slide in vertical directions. The table 12 is moved up and 
down by the operation of a hydraulic cylinder 14 provided in 

13 



the frame 3. Although the table 12 can be moved by means of an 
air cylinder, the use of the hydraulic cylinder is preferred 
for accuracy in controlling a pressing force when a vibrating, 
melting and bonding operation is employed. 

Further, a gap sensor 15 for detecting the position 
of the table 12 is disposed on the side portion of the frame 3 
slightly above the top end of the movable region of the table 
12. In the present embodiment, a non-contact type gap sensor 
for detecting a change in the magnitude of an eddy current 
generated according to the magnitude of the gap is employed as 
the gap sensor 15. A sensor to detect the position of the 
table 12 is not limited to this type of sensor, but other 
sensors may be used such as a non-contact type sensor using 
laser (s) or a contact type length measuring unit which is put 
into contact with an object to measure a gap. 

The vibrating jig 6 is provided with a holding part 
6a formed in the shape of a depression on the bottom surface 
side to hold a cover 7 which is one resin part of two resin 
parts to be vibrated, melted and bonded, as described below. 
Further, the stationary jig 13 is provided with a holding part 
13a formed in the shape of a depression on the top surface side 
to hold a case 8 which is the other part of the two resin parts 
to be vibrated, melted and bonded. Then, when the cover 7 and 
the case 8 are mounted in the holding parts 6a and 13a, 
respectively, the contact surfaces of the cover 7 and the case 
8 when they are vibrated, melted and bonded are opposed to each 
other. Further, a control unit 100 is a control means for 

14 



operating and controlling the vibrating body 5 and the 
J hydraulic cylinder 14 on the basis of a signal from the 
" r operating switch of an operating console (not shown) and a 

signal from the gap sensor 15. 
5 Figs. 2A and 2B illustrate a schematic structure of 

resin parts to be vibrated, melted and bonded in an embodiment 

of the present invention. Fig. 2A is a perspective view of the 

□ cover 7 and the case 8, both of which are resin parts, and Fig. 

D 

HI 2B shows the shape of a main portion in Fig. 2A. 

¥ 10 As shown in Fig. 2A, the cover 7 is a resin part 

=P shaped like a flat plate and the case 8 is a resin part shaped 
like a rectangular cylinder with a bottom. In the present 

p embodiment, an electronic circuit or the like is received in 

6 

the case 8, and the cover 7 and the case 8 are melted and 
15 bonded to each other to form a hermetical state so as to 
protect the electronic circuit or the like from an outside 
environment. For this reason, a polygonal (square in this 
embodiment) rib portion 81 is formed on the top surface of the 
case 8. When the cover 7 and the case 8 are vibrated, melted 
20 and bonded, the top surface of the rib portion 81 and the outer 
peripheral portion of the bottom surface of the cover 7 opposed 
thereto become the respective contact surfaces 82 and 71. 

in this connection, in this embodiment of the present 
invention, a resin material made of poly (butylene phthalate) 
25 including 30% glass fibers is used as the cover 7 and the case 
8 to meet requirement properties such as environmental 
resistance and strength. Further, the case 8 is provided with 



the rib portion 81 of approximately 2.5 mm in height. 
> Fig. 2B is an enlarged plan view of a portion A in 

Fig. 2A in which the portion, except for the rib portion 81, is 
omitted. As shown in Fig. 2B, in the rib portion 81, a corner 
5 portion 811 is different in thickness (width of contact surface 
82) from a straight portion 812. In the present embodiment, 
the thickness Wl of the corner portion 811 is set at 0.9 mm and 
= the thickness W2 of the straight portion is set at 1.2 mm. 

5 

lj If the rib portion 81 is formed such that the 

y s 

I* 10 thickness Wl is equal to the thickness W2, rigidity to 

hi 

*F vibration in the horizontal direction is lower in the straight 

C portion 812 than in the corner portion 811. Then, when the 

rib portion 81 is vibrated, melted and bonded, the straight 

4- 

Jjj portion 812 having lower rigidity is apt to synchronize with 

15 the generated vibrations and deflect, thus generating a smaller 
amount of frictional heat than the corner portion 811 and 
corner portion 811 becomes non-uniform in the state of heating. 
As described above, by thinning the thickness Wl with respect 
to the thickness W2, it is possible to make the rigidity of 
20 each portion of the rib portion 81 nearly equal and to reduce 
variations in the state of heating when the rib portion 81 is 
vibrated, melted and bonded. 

Figs. 3A and 3B show a sectional view of a state 
where the cover 7 is held by the holding portion 6a of the 
25 vibrating jig 6. As shown in Fig. 3A, the top surface of the 
cover 7 is fixed at the position where it abuts against the 
bottom surface of the holding portion 6a. Fig. 3B is an 

16 



enlarged view of a portion B of Fig. 3A. The cover 7 is 
provided with a semispherical projection 72 on an outer 
' peripheral surface. Although partially omitted in Figs. 3A and 
3B, in the present embodiment, eight projections 72 are formed 
5 on the entire outer peripheral surface of the cover 7. 

Each of the projections 72 is formed such that the 
width of the cover 7 is a little larger than the width of the 
-3. holding portion 6a and when the cover 7 is pressed into and 

J~ fixed in the holding portion 6a, the tip end of the projection 

m 

f* 10 72 is deformed from about 0.1 mm to about 0.2 mm, thereby being 



iu 
■ 



securely held by the side surfaces of the holding portion 6a. 
Therefore, when the cover 7 is vibrated, melted and bonded, 
vibrational energy is accurately transmitted to the cover 7 
from the vibrating jig 6. 

Next, a vibrating, melting and bonding method in the 
foregoing configuration will be described. Fig. 4 is a 
flowchart showing the general control operation of a control 
unit 100. First, the cover 7 is fixed to the holding portion 
6a of the vibrating jig 6 of the vibrating, melting and bonding 
machine 1 shown in Fig. 1, and the case 8 is fixed to the 
holding portion 13a of the stationary jig 13. Then, when the 
operating switch of the operating console (not shown) is turned 
on, the hydraulic cylinder 14 is operated by a signal from the 
control unit 100 and moves the table 12 toward support member 4. 

This operation makes the contact surface 71 of the 
cover 7 abut against the contact surface 82 of the case 8, 
which are shown in Fig. 2A, to press them against each other. 

17 



A pressing force is increased sharply until the pressing force 
reaches a predetermined value PI (for instance, 0.28 MPa) as 
shown by a solid line C in Fig. 5 and the vibration body 5 is 
vibrated (step SI). In this embodiment, for example, the 
vibration body 5 is vibrated at a frequency of 200 Hz and an 
amplitude of 0.48 mm. 

Then, the pressing force is continuously gradually 
increased along a predetermined pattern shown in Fig. 5 until 
the pressing force reaches a predetermined pressing force P2 
(for instance, 0.30 MPa). In this embodiment, for example, it 
takes 15 seconds when the pressing force is increased from Pi 
to P2, that is, the contact surface 71 of the cover 7 and the 
contact surface 82 of the case 8 are pressed against each other 
and vibrated for 15 seconds (from tl to t2 ) , as shown in Fig. 
4. 

According to this operation, when the pressing force 
is sharply increased to Pi, the contact surfaces 71 and 82 are 
vibrated against each other to generate frictional heat. 
However, even after the resin materials at the contact surfaces 
71 and 82 are heated, if they are continuously pressed at the 
same pressing force as shown by a broken line in Fig. 5, the 
resin materials at the contact surfaces 71 and 82 are 
excessively heated and become degraded. In the present 
embodiment, even after the pressing force reaches the 
predetermined value Pi, the pressing force is gradually 
increased to push out the heated resin materials from the 
contact surfaces 71 and 82. Thereby, a new resin material 

18 



surface having a low heating degree is exposed to prevent the 
resin material at the contact surfaces 71 and 82 from being 
excessively heated. 

Continuing, there is also a case where the contact 
5 surfaces 71 and 82 of the cover 7 and the case 8 are not 
completely flat. In this case, variations occur in the state 
of heating the contact surfaces 71 and 82. In order to produce 
m acceptable melting and bonding throughout the contact surfaces 
F 71 and 82, the process of heating entire contact surfaces 71 
m= 10 and 82 needs to be made as uniform as possible. Accordingly, 
Hp it is necessary to melt the resin materials at the contact 

P surfaces 71 and 82 until heating becomes nearly uniform 

throughout the contact surfaces 71 and 82. In this case, even 
~~i if variations occur in the state of heating of the contact 

15 surfaces 71 and 82, it is possible to prevent the portion of 
resin material previously heated from being overheated, by the 
method described above. 

When the pressing force reaches P2, the vibration of 
the vibrating body 5 is stopped (step S3) and the pressing 
20 force is removed after a predetermined time (3 seconds in this 
embodiment) (step S4). The pressing force P2 is applied and 
then the vibration is stopped. During the predetermined time in 
which the vibration is stopped, the resin materials at the 
contact surfaces 71 and 82 are cooled and solidified, whereby 
25 the melting and bonding of the cover 7 and the case 8 are 
completed. 

Although not shown in Fig. 4, while the steps SI and 
19 



S2 are executed, the control unit 100 measures the position of 
the table 12 (the gap L between the gap sensor 15 and the table 
\ 12) on the basis of the signal from the gap sensor 15, as shown 
in Fig. 6. Here, although the gap L continuously decreases 
5 until the cover 7 abuts against the case 8, the gap L is not 
measured regardless of the signal from the gap sensor 15 
because the gap L is not related to the melting and bonding of 
h the cover 7 and the case 8. 

if When the cover 7 abuts against the case 8 and the 

I 10 pressing force increases sharply to the predetermined value and 
=r= the contact surfaces 71 and 82 are vibrated, the resin 

P materials at the contact surfaces 71 and 82 start generating 

I* 

heat and melt. During this process, the gap L sharply 
Pi decreases like a solid line Gl shown in Fig. 6. Then, as the 

15 pressing force increases gradually, the gap L decreases like a 
solid line G2 shown in Fig. 6. A change in the gap L indicates 
a change in the position relationship between the cover 7 and 
the case 8 and thus the difference M between the gap L when the 
cover 8 abuts against the case 8 and the solid lines Gl and G2 

20 indicates the amount of melting at the contact surfaces 71 and 
82 of the cover 7 and the case 8. 

Therefore, while the steps SI, S2 are executed, the 
control unit 100 measures the amount of melting M of the 
contact surfaces 71 and 82 of the cover 7 and the case 8 and 

25 determines whether the amount of melting M increases with time 
or not. This determination is made by determining whether the 
gap L indicating the amount of melting M is within a range MS, 



shown in Fig. 6, or not. 

The range MS is determined by the upper limit U and 
the lower limit J of the amount of melting M increasing with 
time between a time tl and a time t2 . In this embodiment, the 
5 range MS is determined such that the difference between the 
upper limit U and the lower limit J at the time tl is 0.6 mm, 
and the difference between the upper limit U and the lower 
E limit J at the time t2 is 0.2 mm. The reason why the range MS 
yS is determined in this manner is that the state of melting of 

y 10 the resin material near the completion of a melting and bonding 
=P process has a greater effect on stabilizing the state of 

melting and bonding after cooling and solidifying compared to 
the state of melting of the resin material at the initial stage 
^ of the melting and bonding process. 

15 In the case where the gap L is smaller than the upper 

limit U of the amount of melting M, the amount of melting M is 
too large. In this case, there is the possibility that the 
resin materials yet to be heated and melted sufficiently at the 
contact surfaces 71 and 82 will be pushed out from the contact 
20 surfaces 71 and 82 and thus a good state of melting and bonding 
will not be obtained when the resin materials are finally 
cooled and solidified. 

On the other hand, in the case where the gap L is 
larger than the lower limit J of the amount of melting M, the 
25 amount of melting M is too small. In this case, since the 
resin materials are excessively heated and degraded at the 
contact surfaces 71 and 82, a good state of melting and bonding 
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can not be obtained when the resin materials are cooled and 
solidified. Therefore, by determining whether the gap L is 
within the range MS or not, a determination is made whether the 
state of melting and bonding is good or not. Then, the control 
unit 100 indicates this determination result on the display 
part of the operating console (not shown). In this manner, it 
is possible to determine whether the state of melting and 
bonding of the melted and bonded parts is good or not. 

According to the above-mentioned configuration and 
method for vibrating, melting and bonding the resin parts, it 
is possible to reduce variations in the state of heating when 
the resin parts are vibrated, melted and bonded by making the 
structure, with respect to rigidity, of the rib portion 81 of 
the case 8 nearly uniform. Further, since the projections 72 
are provided on the outer peripheral surface of the cover 7 and 
the cover 7 is pressed into and fixed in the holding part 6a, 
when the cover 7 and the case 8 are vibrated, melted and bonded 
to each other, vibration energy can be accurately transmitted 
from the vibrating jig 6 to the cover 7. 

Further, since the contact surfaces 71 and 82 are 
made to abut against each other and then the pressing force is 
sharply increased to the predetermined value PI and 
continuously gradually increased to the predetermined value P2, 
it is possible to prevent the resin materials at the contact 
surfaces 71 and 82 from being excessively heated. According 
to this configuration and method, it is possible to obtain a 
bonded part in which the cover 7 and the case 8 are melted and 



bonded to each other in the stable state. 

Still further, since the amount of melting of the 
"'^ cover 7 and the case 8 is monitored continuously while they are 
vibrated, melted and bonded to each other, even when case parts 
5 are not melted and bonded in a good state, it is possible to 
discriminate the parts from good ones. Therefore, it is 
possible to accurately obtain a bonded part in which the cover 
p 7 and the case 8 are melted and bonded in a stable state. 
% (Second embodiment) 

m 

I* 10 Next, a second embodiment will be described based on 

=p the drawings. In a second embodiment, the shape of a case 

0 which is a resin part and the structure of a stationary jig for 

I* 

J fixing the case are different from those in the first 

_-f embodiment. Here, the same parts in the second embodiment as 

15 those in the first embodiment are designated by the same 
reference characters in the first embodiment, so the 
description of those parts is omitted. 

A case 108 in the present embodiment, as shown in Fig. 
7, is constituted by a first box 109 and a second box 110 which 
20 are joined by a joining part 111. Then, when the case 108 is 
integrally formed of resin, the difference E in height between 
the bottom surface of the first box 109 and the bottom surface 
of the second box 110 is apt to vary. 

Fig. 8A is an illustration showing the configuration 
25 and operation for fixing the case 108 to a stationary jig 113. 
Here, in Figs. 8A and 8B, of the configuration of the 
stationary jig 113, the configuration for holding the side 
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surface of the case 108 is omitted. As shown in Fig. 8A, the 
s stationary jig 113 is provided with a fixed part 114 for 
supporting the bottom surface of the first box 109 and a 
movable part 115 for supporting the bottom surface of the 
5 second box 110. The fixed part 114 and the movable part 115 
constitute the receiving surface of the stationary jig 113 in 
the present embodiment. Then, between the movable part 115 and 
a table 12 provided is a spring 116 or an elastic member. 
Ijl The movable part 115 is provided with a slanting 

m 

U 10 surface 115a facing downward (the downward surface is 
=p perpendicular to the face of the paper in Figs. 8A and 8B) . 

p Further, a wedge part 117 is arranged on the left side of the 

slanting surface 115a. The wedge part 117 can be made to abut 

£ 

ji against and be separated from the slanting surface 115a by the 

15 operation of a cylinder 118 connected to the wedge part 117. 

Next, the operation of the stationary jig 113 will be 
described. As shown in Figs. 8A and 8B, when the case 108 is 
mounted on the stationary jig 113, the wedge part 117 is 
separated from the slanting surface 115a. When the case 108 is 
20 held by the stationary jig 113, the spring 116 is deformed to 
absorb variations in a size E, thereby putting the bottom 
surface of the first box 109 in contact with the fixed part 114 
and putting the bottom surface of the second box 110 into close 
contact with the movable part 115. Here, the elastic member is 
25 not limited to a spring but may be any member capable of being 
elastically deformed to the extent it can absorb variations in 
the size E. 
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When the boxes 109 and 110 are put into contact with 
the fixed part 114 and the movable part 115, respectively, the 
~. cylinder 118 is operated. Thereby, as shown in Fig. 8B, the 
wedge part 117 is moved to the right and is made to abut 
5 against the slanting surface 115a. Here, it is preferable that 
the pressing force applied to the cylinder 118 is made small 
enough not to lift up the movable part 115 when the wedge part 
E 117 abuts against the slanting surface 115a. In this manner, 
III when the wedge part 117 abuts against the slanting surface 115a, 

m 

U. 10 the wedge part 117 is fixed to the stationary jig 113 by a lock 

W 

=P pin (not shown) and the movable part 115 is brought to a non- 
& movable state. Then, according to the same procedures of the 
first embodiment, the cover 7 and the case 8 are vibrated, 
? melted and bonded to each other. At this time, although the 

15 case 108 is pressed from above, since the movable part 115 is 
in the non-movable state, the pressing force applied to the 
second box 110 is not decreased. 

According to the aforementioned configuration and 
operation, it is possible to produce the same effect as the 
20 first embodiment. In addition, even if there are variations in 
the size E on the bottom surface side of the case 108 fixed to 
the stationary jig 113, it is possible to make the pressing 
force applied to the contact surfaces uniform when the contact 
surfaces are vibrated. Therefore, it is possible to prevent 
25 variations from occurring during heating of the resin materials 
at the contact surfaces. In this manner, it is possible to 
obtain a part in which the cover 7 and the case 108 are bonded 



in the stable state of bonding. 

(Third embodiment) 
* Next, a third embodiment will be described based on 

the drawings. In a third embodiment, the shape of the rib 
5 portion of a case, which is a resin part, is different from 

that in the first embodiment. Here, parts in the third 

embodiment that are the same as those in the first embodiment 

are designated by the same reference characters so the 

description of those same parts is omitted. 
[7 10 Figs. 9A and 9B are illustrations showing a schematic 

structure of a resin part to be vibrated, melted and bonded in 
O an embodiment of the present invention. Fig. 9A is a 

ft! perspective view of a cover 7 and a case 2 08, both of which are 

*p 

O resin parts, and Fig. 9B shows the shape of a main portion F of 

PU 

15 Fig. 9A. As shown in Fig. 9 A, a polygonal (sguare in this 
embodiment) rib portion 281 is formed on the top surface of the 
case 2 08 and when the rib portion 281 is vibrated, melted and 
bonded, the top surface of the rib portion 281 and the outer 
peripheral portion of the bottom surface of the cover 7 opposed 

20 thereto become the respective contact surfaces 282 and 71. 

Fig. 9B is an enlarged perspective view of a portion 
F shown in Fig. 9A in which all, except the rib portion 281, is 
omitted. As shown in Fig. 9B, in the rib portion 281, a corner 
portion 911 is different in height, with respect to the contact 

25 surface 282, from a straight portion 912, that is, the contact 
surface 282 is stepped. In the present embodiment, the height 
HI of the contact surface 282a of the corner portion 911 is set 



at 2.2 mm and the height H2 of the contact surface 282b of the 
straight portion 912 is set at 2.5 mm. 
; If the rib portion 281 is formed such that the height 

HI is egual to the height H2 , rigidity due to vibration in the 
5 horizontal direction is lower in the straight portion 912 than 
in the corner portion 911. Then, when the straight portion 912 
having a lower rigidity is vibrated, melted and bonded, the 
: "t straight portion 912 is apt to synchronize with the vibrational 

l7= movement and deflect and thus generate a smaller amount of 

y 10 frictional heat than the corner portion 911. This makes the 
=p state of heating in the rib portion 281 non-uniform. 

P As described above, by lowering the height Hi with 

HM respect to the height H2 , in other words, by forming the 

y contact surface 282b of the straight portion 912 having lower 

15 rigidity in such a way as to protrude from the contact surface 
282a of the corner portion 911 having higher rigidity, when the 
rib portion 281 is vibrated, melted and bonded, it is possible 
to start heating the straight portion 912, before corner 
portion 911, the straight portion 912 having lower rigidity, to 
20 reduce variations in the state of heating of the respective 
portions of the rib portion 281. In this manner, it is 
possible to obtain a bonded part in which the cover 7 and the 
case 208 are melted and bonded to each other in a stable state. 
(Other embodiments) 
25 In the respective embodiments described above, when 

the vibrating, melting and bonding operation is performed, as 
shown in the steps SI and S2 shown in Fig. 4, the pressing 
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force control is performed in which after the pressing 
operation is started, the pressing force applied to the contact 
surfaces is sharply increased to the predetermined value and 
then is continuously gradually increased. However, the 
vibrating body 5 may be controlled as follows: the pressing 
force is controlled in the manner shown by a broken line D in 
Fig. 5, then after vibration is started, the moving speed when 
the contact surfaces are vibrated is sharply increased to a 
predetermined upper limit and then the moving speed is 
gradually decreased. 

According to this control, after the vibration is 
started, the moving speed is sharply increased to the 
predetermined upper limit to accelerate heat generation to melt 
the resin materials at the contact surfaces. By gradually 
decreasing the moving speed, after the resin materials at the 
contact surfaces of the cover and the case generate heat and 
melt, it is possible to reduce the amount of heat and to 
prevent the resin materials at the contact surfaces from being 
excessively heated and degraded. Therefore, by solidifying the 
resin materials yet to deteriorate during the state of melting, 
it is possible to obtain a bonded part in which the resin parts 
are bonded in the stable state. 

As the method for gradually reducing the moving speed, 
there may be a method for gradually reducing the amplitude of 
vibration with the lapse of time, as shown schematically in Fig. 
10A, and a method for gradually reducing a frequency of 
vibration with the lapse of time, as shown schematically in Fig. 
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10B. Further, a method for reducing both the amplitude and the 
frequency of vibration with the lapse of time may be used. 

In the case where the moving speed is reduced, it is 
preferable that the moving speed is reduced by from 10% to 15% 
for about 15 seconds. The present inventors recognized that by 
controlling the pressing force and the freguency of vibration 
at constant values of 0.29 Mpa and 200 Hz, respectively, and by 
reducing the amplitude of vibration from 0.52 mm to 0.45 mm for 
15 seconds, the parts could be appropriately melted and bonded. 
Further, the pressing force control and the moving speed 
control may be carried out at the same time. 

Further, in the case where after the pressing 
operation is started, the pressing force applied to the 
contact surfaces is sharply increased to the predetermined 
value PI and then is continuously gradually increased. In 
addition to the method for increasing the pressing force to the 
upper limit P2 as shown in Fig. 5, various methods can be 
utilized. 

For example, as shown in Fig. 14, after the pressing 
force is sharply increased to the predetermined value PI, the 
holding and increasing of the pressing force may be performed 
alternately, thereby increasing the pressing force stepwise. 
Also by this method, it is possible to increase the pressing 
force from the predetermined value PI to the upper limit 
pressing force P2, gradually. Then, if the pressing force is 
continuously gradually increased to the time t2 where the 
vibrating operation is finished, as shown in Fig. 5 and Fig. 14, 
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the pressing force is gradually increased during the period in 
which vibration is applied. This is preferable because this 
1 makes it possible to prevent the resin material from being 
excessively heated by the vibration-generated heat. 
5 In this connection, in the embodiment shown in Fig. 

14, it is not necessary to provide the period in which the 
pressing force is held and the period in which the pressing 
.= force is increased at constant intervals. That is, it is not 

{J necessary to make the increasing gradient of the pressing force 



constant but the increasing gradient of the pressing force may 
be varied at the middle of the increasing of the pressing force 
by an arbitrary combination of the holding period and the 
increasing period. 

Fig. 15 shows an embodiment in which the pressing 
15 force is continuously increased and the increasing gradient is 
changed. According to the embodiment in Fig. 15, the pressing 
force is sharply increased to the predetermined value Pi and 
then is increased according to the first increasing gradient al 
smaller than the increasing gradient of the pressing force 
20 before the predetermined value Pi. Then, after a predetermined 
time (t3 - tl) elapses, the pressing force is increased at the 
second increasing gradient a2, the gradient a2 being smaller 
than the first increasing gradient al. 

However, if the pressing force is increased without 
25 limit, the pressing force becomes so excessive that it pushes 
out the resin material from the contact surfaces before the 
resin material is sufficiently heated, which makes it 
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impossible to produce an acceptable bonding state. Therefore, 
it is necessary to prevent the pressing force from increasing 
over the range in which the resin material is sufficiently 
heated. For this reason, it is effective to create a good bond 
by ensuring that the upper limit of the pressing force is 
within a range or at or below a limit where the resin material 
is sufficiently heated. This is accomplished by setting an 
upper limit pressing force P2, and after the pressing force 
reaches the upper limit pressing force P2, the pressing force 
is held at the constant value of P2 . 

Further, in the respective embodiments described 
above, during the vibrating, melting and bonding operation, the 
control unit 100 monitors the amount of melting of the cover 
and the case on the basis of a signal from the gap sensor 15. 
The control unit 100 makes a determination whether the amount 
of melting is increasing or not with the lapse of time and 
whether the melting bonding state is good or not according to 
whether the amount of melting is within the range determined by 
the upper and lower limits U and J which are increasing or not 
with the lapse of time. However, for example, as shown in Fig. 
11, the control unit 100 may determine whether the melting 
bonding state is good or not according to whether the target 
amount of melting is obtained within the predetermined range of 
time or not. 

In the case where the target amount of melting is 
obtained in a time shorter than the predetermined range of tim,e, 
the amount of melting per unit time is too large. In such a 



case, there is the possibility that the resin material yet to 
be sufficiently heated and melted at the contact surfaces is 
pushed out from the contact surfaces and that a good melting 
bonding state is not obtained even if the resin material is 
5 cooled and solidified. On the other hand, in the case where 
the target amount of melting is obtained in a time longer than 
the predetermined range of time, the amount of melting per unit 

y time is too small. In such a case, there is the possibility 

p 

PI that the resin material at the contact surfaces is excessively 

m 

ET 10 heated and degraded and that a good melting bonding state is 
m not obtained even if the resin material is cooled and 

* solidified. 

Further, in the respective embodiments described 

--' 

^ above, during the vibrating, melting and bonding operation, the 

7 

15 control unit 100 monitors the amount of melting of the cover 
and the case on the basis of the signal from the gap sensor 15 
and determines whether the melting bonding state is good or not. 
However, for example, the control unit 100 may carry out 
feedback control according to a general control shown in Fig. 

20 12 in which the pressing force is feedback controlled according 
to an amount of melting. 

As shown in Fig. 12, the following control may be 
performed: after the pressing force is increased sharply and 
the vibrating body 5 is vibrated (step Si), a pressing force 

25 control according to the amount of melting. That is, a 
pressing force control in which the gap L between the gap 
sensor and the table is always within the range MS shown in Fig. 



6 is performed until the melting of the predetermined amount of 
resin material is completed (steps Sll and SI 2) and then the 
same control as the controls in the respective embodiments is 
performed ( steps S3 and S4 ) . 

Further, while the cover 7 is provided with the 
plurality of semi-spherical projections 72 on the outer 
peripheral surface thereof in the respective embodiments 
described above, the projections are not limited to this type 
of projections, but they may be a member which is deformed 
slightly to securely hold the cover 7 by the side surfaces of 
the holding portion 6a when the cover 7 is pressed into the 
holding portion 6a. The projections should be able to 
adequately transmit vibrational energy from the vibrating jig 6 
to the cover 7 when the cover 7 and the case 8 are vibrated, 
melted and bonded to each other. In addition, it is preferred 
that the member can separate the bonded part from the holding 
portion 6a after the vibrating, melting and bonding operation 
is finished. 

For example, as shown in Fig. 13, the member may be a 
tapered projection 73 provided on the outer peripheral surface 
of the cover 7. The projection 73 may be provided continuously 
or discontinuously on the entire periphery of the outer 
peripheral surface. 

Still further, in the first and the second 
embodiments described above, by changing the thickness of the 
rib between the corner portion 811 and the straight portion 812 
of the rib portion 81, the rigidity of each portion of the rib 
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portion 81 is made nearly constant to reduce variations in the 
state of heating of the rib portion 81. In the third embodiment 
described above, by changing the height of the contact surfaces 
between the corner portion 911 and the straight portion 912 of 
5 the rib portion 281, a difference in the starting time of 
generating heat between the two portions is made to reduce 
variations in the state of heating of the rib portion 281. 

2 However, the change in the thickness of the rib portion and the 
change in the height of the contact surfaces may be combined 

J* 10 appropriately so as to reduce the variations in the state of 

I* heating of the rib portion. 

B Still further, in the respective embodiments 

ry described above, the actual numerical values such as 1.2 mm, 
O 0.28 Mpa, and the like, are examples and they can be 
15 appropriately set according to the shape and the material of 
the resin parts, various properties of the vibrating, melting 
bonding machine and the like. They are not necessarily absolute, 
or required values. 

The description of the invention is merely exemplary 
20 in nature and, thus, variations that do not depart from the 
gist of the invention are intended to be within the scope of 
the invention. Such variations are not to be regarded as a 
departure from the spirit and scope of the invention. 
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